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Abstract 
The heat pump market has become mature in many countries. There are millions of heat pumps installed worldwide. 
So any improvement in the installation, operation, and maintenance of heat pump system can save a considerable 
amount of energy and cost, and reduce Green House Emissions to a large extent. In order to minimize the number of 
faults in installation and operation phases and improve the maintenance process, it is essential to obtain knowledge 
about the common and expensive faults which usually occur in the heat pump systems. Insurance companies and heat 
pump manufacturers (OEMs) are the best sources to find out the most common and costliest faults recently occurred 
in the heat pump systems. The present paper describes the results from a comprehensive study done on the most 
recent faults which were reported to both OEMs and insurance companies in Sweden. According to the results, it is 
essential to pay a special attention to the control and electronics in heat pump system in order to reduce the number 
and cost of the faults in the heat pump systems.  Furthermore, the results show the importance of system thinking in 
any effort to minimize, detect or diagnose the faults in heat pump system.  
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1. Introduction 
Heat pump technology provides an efficient and sustainable solution for heating and cooling of the 
buildings. When the heat pump operates in a healthy condition, there is great opportunity to save a large 
amount of energy and cut the global CO2 emissions. [1] predicts that the CO2-eq emissions will be 
reduced by 40% if  50% of all new buildings and 30% of retrofitted buildings are equipped with heat 
pumps in 2030. There are millions of heat pumps installed worldwide. In Sweden alone, it is estimated 
that over one million heat pumps have been installed. The market value of the heat pumps installed in 
Sweden alone is estimated to be approximately 1 billion euro, excluding the maintenance cost [2]. The 
market share of heat pumps for the current and newly built single family houses in Sweden is 50% and 
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90%, respectively (Ibid). So any improvement in the installation, operation, and maintenance of heat 
pump system can save a considerable amount of energy and cost, and reduce Green House Emissions to a 
large extent. 
It is not uncommon for the heat pump systems to operate with lower system efficiency than the 
efficiencies measured at standard conditions in manufacturers’ laboratories. Sometimes, a trivial 
installation or control error can lead to the performance degradation of the whole system to a large extent. 
Furthermore, similar to any other heating systems, several faults occur in heat pump systems. A 
considerable number of these faults can be associated with confusion for the servicemen, long down-time 
for the system and unnecessary component replacement. These consequently might end up with some 
unnecessary costs for the end-customer, heat pump manufacturer, and insurance company and these costs 
could have been avoided if better knowledge of the faults was available.  
The present paper briefly describes the results from a comprehensive study done on the faults recently 
occurred in heat pump systems in Sweden. The results from this study can be used to minimize the 
number of faults in installation and operation phases and to improve the maintenance process in heat 
pump systems. 
2. Methodology 
Heat pump manufacturers (OEMs) and Insurance companies are the best sources to find out the most 
common and costliest faults already occurred in the heat pump systems. Under warranty period, the 
customer service departments of OEMs receive a lot of feedback from the end-users in the form of phone 
calls, emails, etc. when the customer has any complaint or any fault or failure occurs in the system.  
Approximately, 68000 of the fault reports which were sent to several OEMs during the warranty period 
are collected and processed. During the data processing, the unclear and uncompleted fault reports are 
excluded. Obviously, it is very important to know the faults in the most recent models of heat pumps. The 
old fault reports usually refer to the problems which are already known and solved during the recent 
years; so the faults which were reported before 2010 are also excluded from this study. Therefore, about 
37000 faults reported to the OEMs, from the beginning of 2010 to the end of 2012 are analyzed and the 
results are presented in the next section. 
When the warranty period is passed, the insurance company is the one who usually receives the fault 
reports from the end-users. Therefore, in the present study, about 14000 faults reported to one of the 
largest insurance companies in Sweden are collected and processed.  In order to make the study more 
relevant, the faults from the old systems are omitted and only the faults from the heat pumps which were 
sold after 2001 are considered. The file regarding the fault reports from 2007 was corrupted and could not 
be included in the statistic. After omitting the uncompleted or vague reports at the final stage of data 
processing, the number of fault reported to the insurance company is reduced to 8659.  
After the data reduction, all the fault reports from OEMS and the insurance company are split into four 
different categories: Air/Air, Air/Water, Brine/Water (mostly Ground Source Heat Pumps, GSHPs), and 
Exhaust air heat pump systems. The faults occurred in these types of heat pump systems are scrutinized 
separately. Furthermore, several interviews are made in order to interpret the faults reported to OEMs. 
The final results of this comprehensive investigation are briefly presented in the following section. 
3. Results 
Table 1 presents a summary of the most common faults and the faults with the highest total costs 
which are reported to the OEMs from 2010 to the end of 2012 (three years). The fault reports to the 
OEMs show that faults in Control and Electronics are almost the most common and costliest faults in all 
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types of heat pumps. Faults in Control and Electronics include any fault related to control unit, electrical 
faults (such as short circuit, etc.), PCB, display, soft starter, overcurrent and motor protection relay, etc.  
Table 1. A summary of the most common and costliest faults in different types of heat pump system- according to the reports to the 
OEMs during 2010-2012 
Type of Heat Pump Air/Air HP Air/Water 
HP 
Brine/Water 
HP 
Exhaust air 
HP 
 
 
 
The Most common faults 
reported to the OEMs 
 
 
 
 
 
Fan (26%) Pressure 
switch 
(44%) 
Control and 
Electronics 
(31%) 
Control and 
Electronics 
(32%) 
Control and 
Electronics 
(25%) 
Control and 
Electronics 
(25%) 
Shuttle 
valve (19%) 
Shunt 
valve/motor 
(19%) 
Temperature 
sensors 
(16%) 
Temperature 
sensors 
(10%) 
Liquid 
pumps 
(17%) 
Temperature 
sensors 
(11%) 
 
 
 
The costliest faults reported 
to the OEMs 
Control and 
Electronics 
(23%) 
Pressure 
switch 
(25%) 
Control and 
Electronics 
(28%) 
Control and 
Electronics 
(24%) 
Refrigerant 
leakage 
(17%) 
Control and 
Electronics 
(21%) 
Liquid 
pumps 
(18%) 
Refrigerant 
leakage 
(17%) 
Fan (15%) Compressor 
(19%) 
Shuttle 
valve (12%) 
Domestic 
Hot Water 
tank (13%) 
     
Table 2. A summary of the most common and costliest faults in different types of heat pump system- according to the reports to the 
Insurance company 2001-2011 
Type of Heat Pump Air/Air HP Air/Water 
HP 
Brine/Water 
HP 
Exhaust air 
HP 
 
 
The Most common faults 
reported to the Insurance 
company 
 
 
 
Compressor 
(30%) 
Compressor 
(24%) 
Shuttle 
valve (22%) 
Compressor 
(40%) 
Fan (19%) Control and 
El. (8%) 
Compressor 
(19%) 
Control and 
El. (15%) 
Control and 
Electronics 
(13%) 
Fan (8%) Control and 
Electronics 
(14%) 
Evaporator 
(11%) 
 
 
The costliest faults reported 
to the Insurance company 
 
Compressor 
(46%) 
Compressor 
(52%) 
Compressor 
(49%) 
Compressor 
(56%) 
Control and 
El. (12%) 
Evaporator 
(6%) 
Shuttle 
valve (9%) 
Evaporator 
(15%) 
Fan (8%) Refrigerant 
leakage (5%) 
Control and 
El. (9%) 
Control and 
El. (9%) 
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The results show that a lot of the frequent and expensive faults are related to the faulty components in 
the heating systems, not the heat pump unit. For example, about one fifth of the fault numbers in Ground 
Source Heat Pumps (GSHPs) are related to the faulty shuttle valve, a simple three way valve which 
switches between the space heating and domestic hot water application.  
The faults reported to the OEMs are usually the faults occurred within the warranty period; Most of 
these faults occur when the heat pump age is less than a few years (usually less than 3 or 5 years). So the 
characteristics of these faults can be different from the faults reported out of warranty period such as the 
faults reported to the insurance company. Table 2 presents a summary of the most common faults and the 
faults with the highest total costs which are reported to one of the largest insurance companies in Sweden 
from 2001 to 2011 excluding 2007 reports. The fault reports to the insurance companies show that faults 
in compressors and Control and Electronics are among the most common and costliest faults in all types 
of heat pumps.  
4. Conclusion 
A comprehensive study is done to analyze the most important faults which were reported to both 
OEMs and insurance companies in Sweden. The results show that the faults in Control and Electronics are 
among the most common and costliest faults in all types of heat pumps. To conclude, in order to reduce 
the number and cost of the faults in the heat pump systems, it is essential to pay a special attention to the 
control and electronics in heat pump system. Generally, a large part of the fault reported to both OEMs 
and insurance company occurs at the system level, out of the heat pump unit. For example, according to 
the reports to the OEMs, the shuttle valve and shunt valve are the second most common faults occurred in 
ground source and exhaust air heat pumps, respectively. This highlights the importance of system thinking 
in any effort to minimize, detect or diagnose the faults in heat pump system. The heating system is not 
only the heat pump unit (the four basic components facilitating the heat pumping cycle) but also includes 
a lot of other components whose qualities can play a significant role in improving the system quality. 
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